Objective: In the present study, the effects of progressive body weight support treadmill forward & backward walking training (FBWT), progressive body weight support treadmill forward walking training (FWT), and progressive body weight support treadmill backward walking training (BWT), and on stroke patients' ambulatory abilities were examined. Design: Randomized controlled trial. Methods: A total of 36 chronic stroke patients were divided into three groups with 12 subjects in each group. Each of the groups performed one of the progressive body weight supported treadmill training methods for 30 minute, six times per week for three weeks, and then received general physical therapy without any other intervention until the follow-up tests. For the assessment of the step length, total double support, cadence, gait were measured using optogait and the 10-m walk test (10MWT), 6 minutes walk test (6MWT). Results: In the within group comparisons, all the three groups showed significant differences between before and after the intervention (p<0.05). In the comparison of the three groups, there were significant differences among the three groups in stride length, double limb support stance, cadence, 10MWT, and 6MWT in the third week, and only in stride length, 10MWT, and 6MWT test in the sixth week (p<0.05). Conclusions: This study verified that progressive body weight-supported treadmill gait training positively affected the gait ability of stroke patients in an actual gait environment. It also showed that FBWT group was more effective than FWT group and BWT group training.
Introduction
The gait patterns of stroke patients are characterized by slow gait cycle and speed, differences in stride length between the step length of the paretic side and that of the non-paretic side, and a short stance phase and relatively long swing phase on the paretic side [1, 2] . Recovery of gait ability is directly related to securing independence and returning functions to before-damage levels. Therefore, the most important purpose of rehabilitation should be considered improvement of gait function [3] .
In order to improve the problem of gait in stroke patients, different methods have been tried clinically, including gait training using parallel bars or on the ground, in addition to existing treatment methods. One novel method, body weight-supported treadmill training, has been utilized as a new therapeutic approach [4] [5] [6] . Treadmill training (with or without body-weight support) has emerged as an intervention that improves walking speed in people who have had a stroke [7, 8] . In addition one of the proposed benefits of treadmill training is that it facilitates practice of a more normal walking pattern [4, 5] .
The effects of body weight-supported treadmill gait training are to aid the alignment of the feet with the trunk sup-
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ported by a belt on a moving treadmill, and to recover gait ability when stimulation is given in order to restore the tension of the trunk, hip, and knee extensor [9] . Body weightsupported treadmill training in stroke patients extends the duration of weight support of the paretic lower limb more than gait training on the ground, improves symmetric posture, reduces plantar flexion spasticity, and triggers a constant activity pattern of the peroneus muscle, with effects on balance and gait ability [5, 10] .
Changes in body composition rates [11] , improvement in the cardiovascular system [12] , and better muscle strength and endurance [13] have been reported as effects of forward gait exercise. In general, forward gait is widely performed as a training method; however, some recent research has been conducted on backward gait with stroke patients as subjects [14] . Thorstensson [15] noted that during forward and backward gait, the potentials at the hip joints, knee joints, and ankle joints were similar. However, during backward gait in particular, reverse action between the flexors and the extensor occurred in the ankle joints and activity of the foot flexors appeared during backward gait support. Backward gait has been reported to increase stroke patients' motor control ability, lower limb muscle strength, balance ability, and gait ability [16, 17] .
Studies have been conducted recently with stroke patients [18] , spinal cord injury patients [19] , and cerebral palsy patients [20] as the subjects of body weight-supported treadmill training. Research comparing the results with training on the ground [1] , research comparing weight-support rates [4, 21] , research using speed changes [22, 23] , all reported that body weight-supported treadmill training was effective.
In particular, in attempting to improve the gait of stroke patients using the existing weight-supported treadmill gait training, it is difficult to change the gait pattern of stroke patients by maintaining a constant forward gait and speed, which are training parameters. Simultaneous application of weight-supported treadmill training and backward and forward gait training to improve gait ability is an important variable in the effort to enhance the gait pattern or ability of patients with an upper motor neuron lesion.
Accordingly, this study aimed to examine the effects of progressive body weight-supported forward and backward gait training on changes in stroke patients' gait ability and to examine differences between progressive body weight-supported forward and backward gait training, thereby presenting diverse therapeutic protocols for stroke patients' gait and functional improvement.
Methods

Subjects and procedure
The subjects of this study were 36 stroke patients hospitalized in the rehabilitation center of a general hospital in Korea. The selection criteria were: patients who medically had had stroke for at least six months; age ＜70 years; had no joint contracture, pain, or fractures in their musculoskeletal system, or hemianopia based on their medical records; and passive dorsiflexion of the affected ankle to a neutral position. All subjects understood the content of the study and voluntarily participated in the study. This study was a randomized controlled trial. Rondomization was done by computer-generated random numbers in which a list of random numbers was generated. The numbers were assigned according to the order of the subjects' admission to the hospital. The subject were then assigned to 1 of 3 groups: participants were assigned to progressive body weight-supported forward and backward gait training (number 1), progressive body weight-supported forward gait training (number 2), or progressive body weight-supported backward gait training (number 3). The subjects received gait training for three weeks, after which they were followed up for three weeks. This study was approved by the institutional human research review board of Sahmyook University.
Intervention
The study was conducted for a total of six weeks from June to August 2013. Progressive body weight support treadmill walking training was implemented for three weeks and the subjects were evaluated after the three weeks of training. As a follow-up test, the subjects were evaluated six weeks after the beginning of the training to examine the persistency of the exercise effects. The subjects were divided into a progressive body weight support treadmill forward & backward walking training (FBWT) group of 12 subjects, a progressive body weight support treadmill forward walking training (FWT) group of 12 subjects, and a progressive body weight support treadmill backward walking training (BWT) group of 12 subjects, and they underwent the training for 30 minutes at a time.
The BWT group performed forward and backward walking wearing a suspension system on a treadmill while the degree of body weight support was progressively decreasing. In the experiment, body weight support was progressively reduced weekly, from 40% of the body weight for the first week after the beginning of the training program to 30% for the second week and 20% for the third week [5, 24, 25] . The participants' average forward walking speeds were 0.6-1.0 km/h and average backward walking speeds were 0.4-0.9 km/h. The patients selected the beginning treadmill walking speeds that they considered appropriate while walking on the ground, and when each patient could stably walk for 20 seconds or longer [26] , the treadmill walking speed was increased by 0.1 km/h each time [19] . Two physical therapists participated in the training to help the subjects with the walking training. One physical therapist took his position right behind the subject to help the subject with proper body weight support, and the other physical therapist took his position at the side of the subject's affected leg to assist the subject's steps and control the lower extremity movements during swing phases and stance phases, and there after using his hands to correct the subject's forward walking patterns for 15 minutes and backward walking patterns for 15 minutes (Figures 1, 2 ). When a patient showed fatigue, signs of pain, abnormalities of breathing, or changes in complexion after beginning the walking training, a rest for five minutes was allowed [27] . The FWT group and the BWT group performed forward walking training for 30 minutes and backward walking training for 30 minutes, respectively, and the other parts of their training were implemented in the same way as in the FBWT group.
Outcome measures
In order to collect data on quantitative gait analysis on the subjects' gait types, a gait analyzer (OptoGait; Microgate Srl, Bolzano, Italy, 2010) was used. The following characteristics of walking were analyzed: step length, total double support, stride time, cadence, and gait speed. In order to remove variations among the examiners, a proficient physical therapist made all measurements without a gait aid such as a weight supporter and suspension device.
For the 10-m walk test (10MWT), the subjects were instructed to walk a total of 14 m at their fastest speed, and speed for the ten meters excluding the first two meters and the last two meters was measured [28] . The unit of gait speed was expressed to the second. To ensure that the subjects adapted to the training, they walked three times and the average speed was derived. Intrarater reliability was r=0.89-1.00 [28].
The purpose of the 6 minutes walk test (6MWT), which was conducted in a corridor of the hospital, was to examine the subjects' gait endurance. A tape was attached to the floor along a 50-meter course, and the distance covered back and forth in six minutes was measured. When necessary, the subjects took a rest in a chair. Intrarater reliability was r=0.91 [29] . The test was performed three times, with the subjects resting for at least two minutes between tests, and an average value was derived.
Data and statistical analysis
All statistical analyses in this study were conducted using PASW Statistics ver. 18.0 for Windows (IBM Co., Armonk, NY, USA). Among the general characteristics of the three groups, gender, diagnoses, paretic side, and whether walking aids were used were tested using chi-squared tests. The homogeneity of the dependent variables, such as height, weight, age, and Korean Mini-Mental State Examination scores, among the three groups were tested through one-way analyses of variance (ANOVA) before the training. Repeated measure ANOVA were conducted to compare the differences between 0-3 weeks of the training and 3-6 weeks of the training within each of the groups, and to compare the differences between two of the three groups before the training, three weeks after the beginning of training, and six weeks after the beginning of training. To observe the differences between groups, the Bonferroni post-hoc test was used. The statistical significance level of all data was set to α=0.05.
Results
The general characteristics of the study subjects are shown in Table 1 . According to the results of this study, there were significant changes in gait characteristics within each group (p＜0.05). There were significant differences among the three groups in stride length, double limb support stance, cadence, 10 m WT, and 6 minutes WT in the third week, and only in stride length , 10 m WT, and 6 minutes WT in the sixth week (p＜0.05) ( Table 2 ). Changes of stride length, total double support, cadence, gait speed, 10 m WT, and 6 min WT among the three groups are shown in Figure 3 .
Discussion
This study aimed to examine the effects of progressive body weight-supported gait training on stroke patients' gait ability, to verify the method of effectively applying body weight-supported treadmill gait training according to the degree of weight support and the methods of gait training, and to apply the training in the clinical field. According to the results of this study, there were significant differences within each group in performance before the training, three weeks after the training, and six weeks after the training. In addition, there was improvement in most items in the progressive body weight-supported forward and backward gait training group compared with the other groups.
In this study, stride length was derived using OptoGait in order to examine gait variables. The result was that there was an increase in all three groups. Comparisons among the three groups indicated significant improvement in the forward and backward gait training group compared to the other two groups in the third week. Significant improvement was also seen in the backward gait training and forward and backward gait training groups compared with the forward gait training group in the sixth week. In a study by Ada et al. [7] , stroke patients residing in a local community received treadmill or ground gait training for four weeks, and the step length of their paretic side increased from 0.42 m before the experiment to 0.51 m after the experiment. In a three-month follow up test, the step length was 0.51 m with sustained exercise effect, which was consistent with the result of the present study. Yang et al. [14] studied 25 stroke patients who were able to walk independently, applying a general treatment to both the experimental group and the control group for 40 minutes. In addition, they had the experimental group receive backward gait training three time per week, 30 minutes each time, for three weeks; the experimental group's stride improved from 0.78 m before the intervention to 0.88 m after the intervention, which was consistent with the present study's results. By gradually reducing the rate of weight support in the body weight-supported treadmill gait training, the patients gained self-confidence, and the activity of their extensors engaging in postural support increased, resulting in better functional movement of the paretic side. In addition, the repetitive treadmill gait and task-oriented approach increased automatic movement during gait training, thereby improving stride length.
This study calculated total double support in order to examine gait variables. There was a statistically significant increase in the three groups from the initiation of the intervention to the third week, but not from the third week to the sixth week. Harris-Love et al. [30] compared stroke patients' stance phase, single limb support stance, and rate of stance phase and swing phase while they walked on the ground and on a treadmill. They observed that the stance phase of the paretic lower limb and single limb support stance during treadmill gait increased significantly, and that as the difference between the lower limbs of the paretic side and non-paretic side decreased, training with symmetric gait pattern was enabled, which is consistent with the present study's results. In a study by Chen et al. [24] in which eight stroke patients received treadmill gait training at different gait speeds (70%, 100%, and 130%), with and without weight support, with and without a handrail attached, and according to degree of spasticity, the combination of weight support and use of a handrail increased single limb support rate, which is consistent with the present study's results. Increased feedback though the sensory receptors of the soles led to weight movement and support onto the non-paretic and paretic sides in a proper and precise direction, as well as improvement in the lower limbs' muscle strength and motor learning ability and reduction in double limb support stance.
This study calculated cadence in order to examine gait variables. The cadence of the forward gait training group and the backward gait training group increased, while that of the forward and backward gait training group increased until the third week, but then decreased from the third week to the sixth week. In the third week, there were significant changes in the forward and backward gait training group and the backward gait training group compared with the forward gait training group; however, there were no significant differences among the three groups in the sixth week. Bayat et al. [31] compared the effects ground gait and treadmill gait on stroke patients' gait, and noted that when they walked at the same speed, the subjects used a different gait strategy, due to the increased cadence and faster speed on the treadmill. In the present study, an increase in cadence means that the subjects came to have an ability to walk for a longer distance at a more stable and faster speed and with a longer stride after three weeks of training than before the training. In addition, under the body weight-supported treadmill gait training, continuous input of afferent information into the proprioceptive senses led to increased reflexive gait pattern, sustained maintenance of the stance phase of the paretic lower limb, longer and consistent stride, decreased spasticity of the ankle plantar flexors, and activated muscles around the ankles.
This study calculated gait speed in order to examine gait variables. There was a statistically significant increase in the three groups from the initiation of the intervention to the third week, but not from the third week to the sixth week. And this study calculated 10MWT in order to examine gait variables. The result was that there was an increase in all three groups. Comparisons among the three groups indicated significant improvement in the forward and backward gait training group compared to the other two groups in the third week. Significant improvement was also seen in the backward gait training and forward and backward gait training groups compared with the forward gait training group in the sixth week. In a study by Ada et al. [7] in which stroke patients residing in a local community conducted gait training using a treadmill for four weeks, their gait speed improved by 0.12 m/s. In a study by Barbeau and Visintin [8] on optimal body weight-supported treadmill gait training with 100 stroke patients as the subjects, the experimental group was put on a suspension unit with 40% weight support and the control group wore a suspension unit with no weight support. The result was that both groups' gait speed on a treadmill increased more than their gait speed on the ground did. In addition, the experimental group had a greater increase in gait speed, which is consistent with the present study's results. In a study by Yang et al. [14] with 25 stroke patients who were able to walk 11 m independently, both the experimental and control groups received general treatment for 40 minutes, and the experimental group conducted gait training three times per week, 30 minutes each time, for three weeks. The gait speed of the experimental group improved from 24.83 m/min to 33.43 m/min, which is consistent with the present study's results. During progressive body weight-supported gait training, lower limb movements are activated, contraction of the quadriceps femoris muscle results in stability of the knee joints, muscles necessary for gait are evenly promoted, and ankle movements are increased, triggering gait propulsion in the ankles, which is considered sufficient as clinical and functional effects. Stability of the joints and muscles necessary for gait were evenly promoted in this study, and therefore, functional movements of the lower limbs increased, improving gait speed.
This study calculated 6MWT in order to examine gait variables. The result was that there was an increase in all three groups. Comparisons among the three groups indicated significant improvement in the forward and backward gait training group compared to the other two groups in the third week. Significant improvement was also seen in the backward gait training and forward and backward gait training groups compared with the forward gait training group in the sixth week. In a study by Ada et al. [7] on the effects of treadmill gait training and ground gait training programs on stroke patients' gait ability, the experimental group conducted treadmill gait training and ground gait training and the control group performed lower limb stretching and muscle strengthening training. In that study, the experimental group saw improvement in gait speed and endurance, which is consistent with the present study's results. The longer stride and increased gait speed led to improved muscle strength and cardiopulmonary functions, making it possible to walk a longer distance and increasing gait endurance.
The progressive body weight-supported treadmill gait training used in the present study will become one of methods to select for treatment, with a main focus on gait improvement according to each patient's condition. It is considered that research on different types of body weight-supported treadmill is necessary to increase the potential capabilities of patients with an upper motor neuron lesion.
This study verified that progressive body weight-supported treadmill gait training positively affected the gait ability of stroke patients in an actual gait environment. It also showed that progressive body weight-supported forward and backward gait training was more effective than pro-gressive body weight-supported forward gait training and progressive body weight-supported backward gait training. Therefore, progressive weight-supported forward and backward gait training should be used as a gait training program for stroke patients receiving rehabilitation treatment who can walk independently, and therefore, will return to their local community.
